The anemia is the most common extra-intestinal manifestation of the ulcerative colitis. Taking into account, that meat products are perceived as factor, that may promote relapses, the crucial is to indicate the dietary recommendations to prevent anemia development but without high animal products intake. Aim of the study was to analyze the influence of animal products intake on the red blood cell count results in remission ulcerative colitis individuals and pair-matched control group, during 6 weeks of observation. Materials and Methods: The intake of nutrients associated with anemia development (iron, vitamin B 12 , protein, animal protein, calcium) and the products being their sources (meat, meat products, dairy beverages, cottage cheese, rennet cheese) were analyzed. Results: In spite of the higher meat products intake in the group of ulcerative colitis individuals, the iron intake did not differ between groups. The positive correlations between intakes of meat, meat products, total protein, animal protein, iron, vitamin B 12 and red blood cell count results were stated for ulcerative colitis individuals, while in control group were not observed, that may have resulted from higher susceptibility for the diet-influenced changes. Conclusions: The positive correlation between red blood cell count results and energy value of diet, and daily iron intake observed in ulcerative colitis individuals, accompanied by negative correlation for iron intake per 1000 kcal of diet, may indicate, that higher iron intake may be beneficial, but only while accompanied by high energy value of diet.
Introduction
The anemia is the most common extra-intestinal manifestation of the inflammatory bowel diseases-both ulcerative colitis and Crohn disease [1] . In the systematic review and individual patient data meta-analysis of Filmann et al. [2] it was indicated, that in the European countries, the overall prevalence of anemia in Crohn disease individuals is 27% and in ulcerative colitis individuals-21%. In spite of the fact, that a number of factors may contribute to high anemia frequency, including iron, vitamin B12 and folic acid deficiencies, iron deficiency is indicated as the most common reason in mentioned group [3] . Moreover, in spite of the fact, that the general prevalence of anemia in the inflammatory bowel diseases is not higher than 30%, the prevalence of iron deficiency is much higher, as it is observed in 60-80% of individuals [4] .
The deficits of iron, vitamin B 12 and folic acid observed in ulcerative colitis individuals are associated with a number of factors-insufficient intake, increased needs and excessive loss, that may result not only from the disease and its symptoms, but also from the applied treatment [5] . As a result, not only supplementation is recommended for individuals with deficits [6] , but also a number of authors indicate the need for increasing intake of specific nutrients in comparison with recommended for the general population [7] [8] [9] [10] [11] [12] [13] [14] .
Taking into account, the fact, that both vitamin B 12 and heme iron, that is characterized by higher absorption than non-heme iron [15] , are derived from animal products [16] , the intake of animal products may be crucial in anemia prevention in ulcerative colitis. However, in a number of studies, animal products were indicated as having both the negative impact in etiology and negative impact on the course of the inflammatory bowel diseases. It was stated, that increased animal protein intake is the strongest independent factor contributing to the Crohn disease development [17] . Simultaneously, the intake of meat, especially of red and processed meat, as well as intake of protein were indicated as associated with an increased risk of relapses in ulcerative colitis patients [18] , as it promotes inflammation [19] . As a result, it may be stated, that in ulcerative colitis individuals, animal products intake should be as high as needed to provide the lowest anemia risk, but at the same time, should be as low as possible to reduce the risk of relapses.
Taking into account the fact, that a number of authors indicate, that anemia in inflammatory bowel disease individuals is a serious problem, that should be no longer neglected [3, 20] , the crucial is to indicate the most important dietary recommendations to maintain proper level of blood count results and prevent anemia development for ulcerative colitis patients but without too high animal protein intake.
The aim of the study was to analyze the influence of animal products intake on the red blood cell count results in remission ulcerative colitis individuals and pair-matched control group, during 6 weeks of observation.
Experimental Section

Study Design
The study was conducted at the Dietetic Outpatient Clinic of the Department of Dietetics, Warsaw University of Life Sciences (WULS-SGGW). During 6 weeks of observation, the 3-day dietary records and the red blood cell count results were simultaneously analyzed in remission ulcerative colitis individuals and pair-matched control group. The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Bioethical Commission of the National Food and Nutrition Institute in Warsaw (No. 0701/2015). Written informed consent was provided by all participants.
During the 6 weeks of observation, participants were assessed 4 times, while the interval of 2 weeks between the assessments was applied, due to the fact, that the red blood cell count results are in the constant flux, but the flux is limited by a lifespan of cells [21] . Before the study and during the study, participants did not receive any dietary counseling in order to avoid any additional external influence exerted on the diet.
While during the study participant refused further participation in the study, he was excluded from the further assessments, but his results from previous assessments were included into analysis, as well as the pair-matched individual was not excluded. As a result, the number of assessments in ulcerative colitis group and in pair-matched control group are not equal, as in ulcerative colitis group, the total number of 37 assessments was conducted, while in control group-a number of 38 assessments. The study design and number of participants are presented in Figure 1 . 
Study Participants
The study was conducted among individuals with ulcerative colitis in remission, both males and females who were recruited and monitored at the following Warsaw Gastroenterology Outpatient Clinics: Gastroenterology Outpatient Clinic at Maria Skłodowska-Curie Memorial Cancer Centre, Institute of Oncology; Gastroenterology Outpatient Clinic at the Central Clinical Hospital of the Ministry of Interior in Warsaw and Gastroenterology Outpatient Clinic at the Public Central Teaching Hospital in Warsaw. The control group was pair-matched, taking into account the gender, age and the chronic diseases other than ulcerative colitis, as in the previously conducted study [22] .
A total number of 11 individuals with ulcerative colitis in remission and a total number of 11 pair-matched control individuals were recruited for the study. Inclusion criteria for individuals with ulcerative colitis were the same as in the previously published studies [23] [24] [25] : free-living patients 
A total number of 11 individuals with ulcerative colitis in remission and a total number of 11 pair-matched control individuals were recruited for the study. Inclusion criteria for individuals with ulcerative colitis were the same as in the previously published studies [23] [24] [25] : free-living patients with endoscopically diagnosed ulcerative colitis and confirmed clinical remission (assessed on the basis of the Mayo Scoring System and the Rachmilewitz index for assessment of ulcerative colitis activity), accompanied by confirmed endoscopic remission (image with no changes or disappearance of the vascular network, erythema, inflammatory polyps allowed) if routine endoscopy was conducted during last 6 weeks, age 18-80 years, individuals characterized by clinical remission lasting at least 6 weeks, and a constant dose of drugs for at least 6 weeks. For the Mayo Scoring System, the cut-off of two points in a 12-points scale and for the Rachmilewitz index the cut-off of four points in a 31-points scale were chosen to recruit the remission individuals, as it is commonly indicated [26] . The inclusion criteria for the control group were: lack of inflammatory bowel diseases and pair-matching with individuals with ulcerative colitis (factors taken into account during matching were: gender, age ±2 years and the chronic diseases other than ulcerative colitis). The exclusion criteria for both groups were: previous extensive gastrointestinal resections (as a factor that may cause impaired digestion or absorption), cancer during previous 5 years (as a factor that may cause lower body nutrients reserves), pregnancy or breastfeeding (as a factor that may cause increased needs) and nutrients supplementation. All of the participants provided written consent to participate in the study.
Analysis of Diet
The assessments of diet were based on self-reported data from the patients' dietary records conducted over a period of three typical, random days (2 weekdays and 1 day of the weekend). The dietary record was conducted on the basis of widely accepted and applied rules-using a structured format, with additional questions about name of the meal, time and location of consumption, meal ingredients and weight of serving (while weighted using kitchen scale) or size of serving (while estimated using standard household measures) [27] . To provide reliable estimates of food intake, participants were instructed on the principles of making the dietary record as well as on the necessity of accurate and scrupulous recording of all food products consumed and beverages drunk, while the serving sizes were verified afterwards by a dietitian using the Polish food model booklet [28] .
The energy values of the diets were analyzed using Dieta Polish dietician software version 5.0 (National Food and Nutrition Institute, Warsaw, Poland) and the Polish base of the nutritional values of products [29] . The nutrients associated with anemia development and derived from animal products were included into analysis. Except from the iron and vitamin B12, directly associated with anemia development [3] , the protein and animal protein, enhancing iron absorption [30] , as well as calcium, inhibiting iron absorption [31] , were analyzed. The nutrients derived from plant products were excluded from the analysis. The nutrients intake levels were presented as a daily intake and were recalculated per 1000 kcal of diet in order to analyze also the nutrient density of the diet.
The additional assessment of the sodium intake was conducted, and the additional analysis of the association was for sodium conducted, as it is indicated a dietary factor promoting colitis [19] .
The consumed dishes declared in the 3-day dietary record were recalculated per food products, using the standard recipes of dishes [32] , modified on the basis of information obtained from participants, by dietitian, during record verification. On the basis of obtained data, the intake of animal products being sources of nutrients associated with anemia development (meat, meat products, dairy beverages, cottage cheese, rennet cheese) were calculated and included into analysis. The products intake levels were presented as a daily intake and were recalculated per 1000 kcal of diet in order to analyze also the products density of the diet.
Measurement of the Red Blood Cell Count Results
The measurements of the red blood cell count results were conducted in a fasting state. During each measurement, the following parameters were assessed: red blood cells (RBC), haemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cell distribution width (RDW).
Statistical Analysis
The sample size was calculated for the confidence level of 90% and margin of error of 10%. The sampling was applied in a model of so-called cluster-correlated data, as defined by Williams [33] , that is described as a situation when samples within a cluster may be correlated, whereas there is no correlation between clusters [34] . In the applied model, a data defined as clustered are data from one respondent that is allowed in a medical studies for the data defined as not easily predictable (changeable during a course of disease) [35] . The ulcerative colitis and its symptoms is within this criteria due to well known changeable course of the disease [36] . Based on the indicated assumption, the calculated number of measurements was 43, so 44 measurements were planned for each sub-group, and time lapse between assessments of one patient was planned as 2 weeks, due to the fact that it is indicated as required time to observe diet-induced changes of haematological parameters [37] . The groups of 11 respondents in each sub-group were planned to be pair-matched, in order to obtain a higher reliability of the results.
The obtained data are presented as means ± standard deviations (SD) with minimum, maximum and median values. The distributions of the analyzed factors were verified by using the Shapiro-Wilk test. Differences between groups were identified by using the t-Student test (applied for parametric distribution) and the Mann-Whitney U test (applied for nonparametric distribution). Analysis of correlation was conducted using the Pearson correlation (applied for parametric distribution) and the Spearman rank correlation coefficient (applied for nonparametric distribution). The accepted level of significance was set at p ≤ 0.05. Statistical analysis was conducted using Statistica software version 8.0 (StatSoft Inc., Tulsa, OK, USA).
Results
The basic characteristics of the group of individuals with ulcerative colitis in remission phase recruited for the study in comparison with the pair-matched control group is presented in Table 1 . It was stated that the assessed characteristics did not differ between groups. [27] , for: anaemias (D50-D89), diseases of the digestive system other than noninfective enteritis and colitis as well as other diseases of the intestines (K00-K46; K65-K93), diseases of the skin and subcutaneous tissue (L00-L99), diseases of the musculoskeletal system and connective tissue (M00-M99); a compared using chi 2 test; b compared using Mann-Whitney U test based on median values (applied due to non-parametric distributions); c compared using t-Student test.
The additional characteristics of the group of individuals with ulcerative colitis in remission phase recruited for the study is presented in Table 2 . The levels of chosen food products intake in ulcerative colitis group and control group are presented in Table 3 . The group of ulcerative colitis individuals was characterized not only by higher intake of meat products (p < 0.001), but also by higher intake of meat products per 1000 kcal (p < 0.001), than a control group. In the case of intake of meat (p = 0.061) and intake of meat per 1000 kcal (p = 0.083), the differences were close to significance. The opposite relations were stated for the intake of rennet cheese (p = 0.001) and intake of rennet cheese per 1000 kcal of diet (p = 0.001), as the control group was characterized by higher intake than group of ulcerative colitis individuals. For other dairy products, no differences between groups were observed. The levels of chosen nutrients intake in ulcerative colitis group and control group are presented in Table 4 . The significant differences were stated only for intake of calcium (p = 0.003) and intake of calcium per 1000 kcal of diet (p = 0.001), as the control group was characterized by higher intake than group of ulcerative colitis individuals. The levels of red blood cell count results in ulcerative colitis group and control group are presented in Table 5 . In spite of the fact, that for RBC, HGB and HCT, no statistically significant differences between groups were observed, in the case of other parameters, a number of differences were stated between a group of ulcerative colitis individuals and a control group. The group of ulcerative colitis individuals was characterized by a lower values of MCV, MCH and MCHC, but simultaneously by a higher values of RDW, than a control group. The analysis of association between chosen food products intake and red blood cell count results in ulcerative colitis group and control group is presented in Table 6 . It was stated, that the associations in the ulcerative colitis group and control group were different. In spite of the fact, that a meat and meat products intake were correlated with a number of red blood cell count results in ulcerative colitis group, in a control group such associations were not stated. Moreover, in spite of a fact, that a negative correlation between dairy beverages intake and red blood cell count results was stated in a control group, in the case of ulcerative colitis group, the correlation was positive.
The analysis of association between chosen nutrients intake and red blood cell count results in ulcerative colitis group and control group is presented in Table 7 . Similarly, as in the case of the analysis of food products intake, the correlations observed in analyzed groups differed. In the ulcerative colitis group it was stated, that the daily intake results of all the analyzed nutrients were positively correlated with red blood cell count results. In spite of the fact, that for animal protein, the association was similar, while recalculated per 1000 kcal, for iron and vitamin B 12 , while recalculated per 1000 kcal, the association was opposite in mentioned group. However, in the control group a number of associations were not observed-only the daily intake of vitamin B 12 influenced red blood cell count results.
It was stated, that the sodium intake in a group of ulcerative colitis individuals correlated with the red blood cells (RBC) (p = 0.001; R = 0.5405; Pearson correlation), haemoglobin (HGB) (p = 0.001; R = 0.5214; Pearson correlation) and hematocrit (HCT) (p < 0.001; R = 0.5772; Spearman rank correlation coefficient).
The nutrient intake determinants of red blood cell count results in ulcerative colitis group and control group are presented in Figure 2 and the food products intake determinants of red blood cell count results in ulcerative colitis group and control group are presented in Figure 3 . 
Discussion
The main observations from the conducted study are the differences of noted associations between ulcerative colitis group and a control group. Not only the intake of food products and nutrients, as well as red blood cell count results differed between groups, but also the influence of intake on the red blood cell count results was stronger in the case of ulcerative colitis group, than in healthy ones.
The observed higher intake of meat and meat products, in the ulcerative colitis group, while dairy products intake was comparable or even lower, than in the control group, is confirmed by the studies of other authors. In the study of Rosman-Urbach et al. [38] it was observed, that in a group of ulcerative colitis individuals, the combined intake of meat and eggs was defined as 6 servings a day and it was significantly higher than in a control group, in which it was 4 servings a day. Such a high meat intake commonly contributes to a higher protein intake, than in the case of control individuals [39] , however, it was not observed in own study.
On the other hand, not only high protein intake, but also a high meat and meat products intake is indicated as associated with increased risk of relapses [18] and, as a result, is currently indicated as a threat, that should be avoided [40] . However, the reasons of the negative influence of meat and meat products are unknown and a number of potential factors associated with meat products are indicated-the sulphur compounds [41] , heterocyclic amines [42] and bacterial influence [43] , so the impact of meat products may be multifactorial.
The potential advantage of high meat intake is associated with high content of highly available heme iron in meat products [44] , however in the conducted own study, in spite of the higher meat products intake, ulcerative colitis individuals were characterized by similar iron intake as the control group. Such situation may result from the lower intake of non-heme iron from the plant products, than in the control group. It was also observed in the other studies, as in the study of Lomer et al. [45] , the iron intake from cereals in the Crohn disease individuals was significantly lower than in the control group.
Such a higher proportion between heme and non-heme iron, than in healthy individuals, must be also considered as a factor that may increase the risk of relapses, as in animal-model study of Schepens et al. [46] , it was stated, that the heme iron is the meat-related dietary factor, being responsible for the commonly stated negative influence of meat products. However, due to the lack of similar observations in the human studies, this hypothesis needs further verifications.
Simultaneously, in the conducted study, in the ulcerative colitis individuals, the lower rennet cheese intake was observed, and it contributed to the lower calcium intake, in comparison with the control group. Similar low dairy products intake is observed in a number of studies of inflammatory bowel disease patients, in comparison with a group of healthy individuals [47] , that is associated inter alia with intentional limitation of dairy products intake, due to disease symptoms [48] and disease activity [49] . The consequence of the low calcium intake is the reduced bone mineral density [50] , contributing to 40% higher fracture incidence in inflammatory bowel disease ones, than in the general population [51] . However, taking into account the anemia risk in ulcerative colitis individuals, the low calcium intake must be perceived as a factor that may increase iron absorption [31] . It may be stated, that if the meat intake in ulcerative colitis individuals is higher than in control ones, but the iron intake is comparable, as in the analyzed group, the relapses risk (due to high meat intake), accompanied by anemia risk (due to not higher iron intake), may be stated. However, the low calcium intake may reduce anemia risk and, at the same time, contribute to the increased osteoporosis risk.
The observed multiple positive correlations between meat and meat products, as well as dairy products intake and red blood cell count results were stated only in the case of ulcerative colitis group, and not for a control group. Such association between the food products intake and red blood cell count results were also observed in the other studies of inflammatory bowel diseases, as it was stated, that patients who restrict meat products have lower ferritin values [52] .
Such a stronger association between food products intake and red blood cell count results, than in the control group may result from the higher susceptibility of red blood cell count results for the diet-influenced changes in the analyzed group than in healthy ones, that may result from higher iron needs, associated with both anemia of chronic disease (so called anemia of inflammation) and anemia of mixed origin [53] . Such a higher susceptibility of red blood cell count results for the diet-influenced changes is confirmed by the results of the study of Powell et al. [54] , as it was concluded, that iron status is in inflammatory bowel disease individuals more closely related to the quality and quantity of dietary iron intake than in the general healthy population.
The management of the iron-deficiency anemia in inflammatory bowel diseases is indicated in the systematic review of Nielsen et al. [55] as an issue that causes many doubts for physicians, due to the need for the implementation of evidence-based recommendations taking into account the choice of the iron therapy in patients being intolerant to some therapy options, or having inadequate responses for some therapy options. Taking it into account, on the basis of the conducted study, the need for not only supplementation, but also the need for properly planned and conducted diet therapy, should be emphasized [56] . The diet therapy could be a good alternative option, especially as in a number of inflammatory bowel disease patients, the improperly planned iron supplementation is stated and it is indicated, that it may enhance free radicals generation and as a result, promote inflammation [57] .
While compared the correlation with the red blood cell count results, observed for the daily nutritional value of diet and nutritional value of diet per 1000 kcal, in the inflammatory bowel disease group, the differences of results observed for iron seems to be the most important. The positive correlation for the daily iron intake accompanied by the negative correlation for the iron intake recalculated per 1000 kcal of diet, indicates, that the iron intake is an important factor, that must be taken into account, but only in the relation to the energy value of diet. It is confirmed by the general observations, that dietary iron intake is not an independent factor influencing anemia development, but a number of interfering factors must be taken into account [58] , including energy intake [59] . It is also observed in the presented own study. The negative correlation for the iron intake per 1000 kcal of diet indicates, that the iron intake is beneficial, but only while accompanied by the high energy value of diet, and while it is accompanied by low energy value of diet (high iron intake per 1000 kcal), it is no longer beneficial.
In spite of the important observations indicated after comparison of a group of remission ulcerative colitis individuals and a group of pair-matched control individuals, after 6 weeks of constant observation, some limitations of the study must be mentioned. The study was conducted in a small group, as a number of 37 and 38 observations, for ulcerative colitis individuals and control individuals, respectively, were obtained. The future studies should be conducted in a larger groups in order to confirm the observations in more diverse patients. However, the following studies should be still conducted as a pair-matched model, in order to reliably compare observations for ulcerative colitis ones and healthy individuals.
Moreover, it would be beneficial to obtain in the future studies also the results of the other, than red blood cell count results, indicators of nutritional status. Such more complex analysis would enable assessment of the associations between nutrients intake, status and red blood cell count results and, in the future, practical formulation of the recommendations for ulcerative colitis patients.
Conclusions
In spite of the higher meat products intake in the group of ulcerative colitis individuals, in comparison with a pair-matched control group, the iron intake did not differ between groups, that may result from the higher intake of non-heme iron from plant products in the control group.
The positive correlations between meat and meat products intake, as well as total protein, animal protein, iron and vitamin B 12 intakes and red blood cell count results were stated for group of ulcerative colitis individuals, while in the pair-matched control group were not observed, that may have resulted from higher susceptibility of red blood cell count results for the diet-influenced changes.
The positive correlation between red blood cell count results and energy value of diet, as well as daily iron intake observed in ulcerative colitis individuals, accompanied by negative correlation between red blood cell count results and iron intake recalculated per 1000 kcal of diet may indicate, that higher iron intake may be for mentioned patients beneficial, but only while accompanied by high energy value of diet.
It was stated, that diet of ulcerative colitis individuals must be monitored and modified, if needed, taking into account not only nutritional value of diet and products intake, but also the biochemical analysis results and declared symptoms, in order to reduce the risk of anemia and other extra-intestinal complications of the disease. 
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